Tropical estuaries are diverse and productive habitats with respect to their fish assemblages and associated fisheries, but these ecosystems and fisheries are imperiled by multiple anthropogenic threats. Despite the economic, social, and biodiversity value of tropical estuarine fish assemblages, they are poorly understood, especially those on Caribbean islands. We sampled the fish assemblages of four estuaries that were broadly representative of riverine estuaries in Puerto Rico, including the R ıo Grande de Arecibo, R ıo Espiritu Santo, R ıo Mameyes, and R ıo Sabana. We used a combination of passive (gill nets) and active (seine) gears at locations that spanned the salinity gradient of each estuary during July-October 2013-2014 (rainy season) and March 2015 (dry season). Fish species richness among the riverine estuaries varied from 18 to 29 and was highest in the R ıo Espiritu Santo estuary. Nonmetric multidimensional scaling differentiated fish assemblages among estuaries but not by season or consistently by location within an estuary. Spearman's rank correlation analysis also revealed dissimilarity among each estuary's fish assemblage, as most pairwise correlations between the species compositions were not significant. We identified common and widespread species among estuaries, including sport fishes, such as the Tarpon Megalops atlanticus and Common Snook Centropomus undecimalis. As the only multi-river assessment of riverine estuary fish assemblages in Puerto Rico, our results provide the best available information about the spatial variability of assemblages and fisheries resources. This information will benefit future conservation and fisheries management efforts, which are needed due to increasing anthropogenic impacts, such as illegal harvest, invasive species, and water diversions.
Tropical estuaries harbor diverse and productive fish assemblages and associated fisheries, but these valuable ecosystems face many anthropogenic threats. Freshwater, estuarine, and marine taxa all contribute to the fish species richness of tropical estuaries, which is up to an order of magnitude greater than that in temperate estuaries (Blaber 2000) . In addition to their biodiversity value, tropical estuaries yield high fisheries production, are important nursery areas for many marine species, and are essential corridors for diadromous fishes (Lenanton and Potter 1987; Sheaves et al. 2014; Kwak et al. 2016) . Tropical estuarine fishes are threatened by persistent and increasing anthropogenic impacts, which include pollution resulting from upstream land use or direct discharges to the estuary, shipping port activities, overfishing, altered freshwater inputs, and habitat degradation (Blaber 2002; M erigot et al. 2017) . Despite the services that they provide and their threatened status, much less is known about tropical estuarine fishes and fisheries relative to their temperate counterparts (Blaber 2000) . Although there has been a recent increase in available knowledge on tropical estuarine fishes and fisheries, very few studies have been conducted in Caribbean island estuaries (Smith et al. 2008; Blaber 2013) .
Additional research on Caribbean island estuaries is essential for proper fisheries and ecosystem management in this region. Species such as the Tarpon Megalops atlanticus and several species of snook Centropomus depend on Caribbean estuaries and support important recreational fisheries (Aliaume et al. 2005; Andrade et al. 2013 Andrade et al. , 2015 Engman et al. 2017) . Additionally, migrant species that utilize estuaries during specific life stages are captured in marine artisanal and subsistence fisheries, which are essential to the livelihood of many Caribbean people. Moreover, estuaries serve as nursery and feeding habitat for Caribbean coral reef fish species and as corridors for multiple early life stages of amphidromous and catadromous species that dominate Caribbean island stream fish assemblages (Cooney and Kwak 2013; Kwak et al. 2016) .
Riverine estuaries are very common on Caribbean islands, but their fish assemblages remain largely unknown. Caribbean riverine estuaries are single river channels that extend from the sandy beach habitat of the marine environment to the farthest inland point of seawater intrusion (Negr on-Gonzalez and Cintr on 1979). Some typical characteristics of these estuaries include relatively high freshwater outflow to tidal inflow and high perimeter-to-area ratios, low width-to-depth ratios, and variable salinities that are largely controlled by freshwater inputs (Morris and Hu 1995; Smith et al. 2008) . A study by Smith et al. (2008) is the only publication in the primary literature to characterize the fish assemblage of a riverine estuary in Puerto Rico and is the main source of information available on the species composition of Puerto Rico's riverine estuaries. The relative abundance, drivers of fish assemblage structure, and variation in fish assemblage structure among systems remain largely unknown because the Smith et al. (2008) study was conducted on a single estuary. We conducted fish surveys using multiple sampling gears in four riverine estuaries in Puerto Rico during multiple seasons and across longitudinal gradients to begin to elucidate assemblage composition, fisheries resources, and their spatiotemporal dynamics.
METHODS
Study systems.-We selected four riverine estuaries on the north coast of Puerto Rico as our study systems: the R ıo Grande de Arecibo, R ıo Espiritu Santo, R ıo Mameyes, and R ıo Sabana (Figure 1 ). The R ıo Espiritu Santo, R ıo Mameyes, and R ıo Sabana estuaries are all located on Puerto Rico's northeast coast. The three river systems are in adjacent watersheds; their headwater and middle reaches are located in the El Yunque National Forest, and their lower reaches and estuaries are relatively protected (Gould et al. 2008) . All three systems have riverine-type mangrove forests, which are numerically dominated by red mangrove Rhizophora mangle (Lugo and Snedaker 1974) bordering the majority of the shorelines of their estuaries, and they span drainage areas between 19 and 68 km 2 (Table 1) . Additional, adjacent land cover includes small amounts of pasture and golf course in the R ıo Espiritu Santo and R ıo Mameyes and nearby residential development in the R ıo Sabana. The R ıo Grande de Arecibo estuary is located in Puerto Rico's north-central coastal plain and drains a much larger area (673 km 2 ) than the other study systems. Abandoned pasture and forested wetlands border this estuary; it also supports very popular recreational and subsistence fisheries (Engman 2017) .
We established three fixed sampling stations that spanned the salinity gradient within each estuary during river base flow. The first station was at the estuary mouth, the second station was an intermediate location between the estuary mouth and the head of estuary (referred to as the "middle" station), and the third station was located immediately adjacent to the head of the estuary (i.e., approximate location of maximum salt-wedge intrusion during base flow conditions; Figure 1 ). Unpublished salinity data and figures from Negr on-Gonzalez and Cintr on (1979) were used to determine the approximate location of maximum salt-wedge intrusion. We measured habitat variables at each station during a subset of fish assemblage sampling events (see below). These measurements were not intended to be used for relating fish assemblage structure to habitat but rather to generally characterize the environment and to verify that we were sampling across a salinity gradient in each estuary. Habitat variables 190 included channel depth and physicochemical parameters (i.e., temperature,°C; salinity, ‰; and dissolved oxygen, mg/L) measured with a YSI Model 556 multiprobe system (Yellow Springs Instruments). Salinity and dissolved oxygen measurements were made at two locations in the water column: 0.5 m below the water surface and 0.5 m above the channel bottom.
Fish sampling.-We sampled the fish assemblages of each study system by using experimental sinking gill nets. Our monofilament gill nets were constructed to the specifications recommended by the American Fisheries Society for standardized sampling of North American freshwaters (i.e., 1.8 m deep 9 24.4 m long, with eight 3.1-m-long panels arranged in a quasi-random order [38-, 57-, 25-, 44-, 19-, 64-, 32- , and 51-mm bar-measure mesh]; Bonar et al. 2009 ). Two nets were set on opposing banks and perpendicular to the shoreline before dusk and were recovered after dawn (i.e., spanning two crepuscular periods) on each sampling occasion. The CPUE of each species was expressed as the number of fish captured per net at each station (fish/net-night), which is a common unit of measure for passive gears such as gill nets (Miranda and Boxrucker 2009; Hubert et al. 2012) . In Puerto Rico, night length is relatively constant year-round; during the months that we sampled, it was between 11 and 12 h, and as a result, the net soak times were typically 13-14 h. We sampled each estuary with gill nets at least four times; however, on some sampling occasions, freshwater spates caused woody debris to entangle the nets at some sampling stations, rendering them ineffective at capturing fish. Samples during which nets became entangled were removed from further analysis, resulting in a total sampling effort of 24 net-nights at the R ıo Sabana, 24 netnights at the R ıo Mameyes, 26 net-nights at the R ıo Grande de Arecibo, and 29 net-nights at the R ıo Espiritu Santo (Table 1) .
Although seasonal rainfall differences are not as strong as for some other locations in the tropics, Puerto Rico experiences a dry season from January to April, when island-wide mean rainfall is lower relative to the rest of ; thus, our sampling schedule encompassed both rainy and dry seasons as follows. We conducted gill-net sampling three times on the R ıo Sabana and R ıo Mameyes estuaries and four times on the R ıo Grande de Arecibo and R ıo Espiritu Santo estuaries during the rainy season (July-October 2013 -2014 . We sampled all study estuaries once with gill nets during the dry season (March 2015), but we were only able to sample the estuary mouth station of the R ıo Grande de Arecibo during the dry season sampling effort because dense water hyacinth Eichhornia crassipes mats blocked access to upstream stations. We used a bag seine as a secondary gear to supplement gill-net samples and to better characterize fish species richness at each estuary. The seine was 9.1 m long 9 1.8 m high, with a 1.8-9 1.8-9 1.8-m bag (6.4-mm mesh). All seine sampling was conducted during daylight hours from the shoreline at the estuary mouth, which is a sandy-bottom habitat that is generally free of large macrophytes and coarse woody debris. The beach seine was deployed by two crew members. One crew member remained stationary near shore, while the second crew member extended the seine in a quarter-arc pattern, and then both crew members hauled the seine to shore. On each sampling occasion, three nonoverlapping seine hauls were conducted at the river mouth station. We conducted seine sampling three times in the R ıo Mameyes and R ıo Grande de Arecibo estuaries, four times in the R ıo Espiritu Santo estuary, and twice in the R ıo Sabana estuary during the rainy season (July-October 2014). We sampled each estuary once with the seine during the dry season (March 2015).
Fish sampled by both gears were processed in the field and released near the capture site when feasible. Most captured fish were identified and measured for TL in a boat or on the estuary shoreline or riverbank. A subset of fish, especially small individuals, was preserved in a buffered 10% formalin solution and returned to the laboratory for identification and measurement. Some of those preserved fish were deposited as voucher specimens in the North Carolina Museum of Natural Sciences ichthyology collection.
Analysis.-We characterized the fish assemblages of the four study estuaries and explored spatial and temporal patterns with multiple metrics and analyses by using R version 3.3.1 (R Development Core Team 2016). First, we summed the number of unique species captured with gill nets and seines to determine a minimum estimate of species richness for each estuary. Next, we used nonmetric multidimensional scaling (NMDS) to visualize similarities in the portion of the fish assemblage sampled with gill nets by estuary, location within each riverine estuary, and season (Kwak and Peterson 2007) . The input for the NMDS analysis was the Horn-Morisita index calculated for the matrix of square-root-transformed gill-net CPUEs, pooled for each estuary station by sampling date. The appropriate number of dimensions for the NMDS was selected based on visual evaluation of a scree plot of stress values (McCune et al. 2002; Kwak and Peterson 2007) . Ordinations were conducted using the MetaMDS function in the "vegan" package (maximum of 100 random starts; centering, principal components rotation; half-change scaling; Oksanen et al. 2016) . We then constructed an NMDS biplot, with points representing sampled fish assemblages and vectors (arrows) representing the strength and direction of the correlation of each species' abundance with the NMDS space (i.e., species loadings). Only the species with significant loadings (empirical P-values < 0.05) were plotted. Finally, we calculated Spearman's rank correlation coefficients and associated P-values of species rank abundances (overall mean gill-net CPUE) between all four estuaries. Very rare species (i.e., those that made up less than 1% of the total catch) were eliminated from species abundance matrices prior to NMDS and rank correlation analyses.
RESULTS
We collected a total of 912 fish representing 41 species and 22 families. A total of 640 individuals of 29 species (17 families) were captured with gill nets, and 272 individuals from 22 species (12 families) were captured by seining. Overall, observed species richness was 18 at the R ıo Sabana estuary, 22 at the R ıo Mameyes estuary, 22 at the R ıo Grande de Arecibo estuary, and 29 at the R ıo Espiritu Santo estuary (Table 2 ). In three of the four estuaries, the observed fish species richness was fairly uniform across all three longitudinal gill-net station locations (i.e., varied by 0-2 species; Figure 2 ). However, species richness in the R ıo Grande de Arecibo was highest at the mouth (16 species) and declined sharply to seven species at the middle station and only six species at the head of the estuary (Figure 2) . Eight of the 41 species collected were encountered in all four estuaries and were relatively abundant (Table 3 ). The eight most common and widespread species were the Zabaleta Anchovy (33% of total gill-net catch), Ground Croaker (14%), Horse-eye Jack (2%), Tarpon Snook (9%), Common Snook (2%), Striped Mojarra (3%), Tarpon (3%), and White Mullet (11%).
The NMDS analysis (two-dimensional solution, overall stress = 0.18) revealed a gradient of assemblage structure (along axis 1) that varied by estuary, no consistent differences in assemblage structure by season for any estuary, and station-specific differences in the R ıo Grande de Arecibo fish assemblage only (Figure 3 ). Since the overall stress of the NMDS solution was close to 0.2-a value that is often used as a cutoff point for a reliable solution (McCune et al. 2002) 
estuary fish assemblage was the most distinct from other estuaries in overall structure (samples generally had the most negative values on NMDS axis 1) and was generally most similar to the R ıo Sabana estuary fish assemblage (samples grouped near zero but most frequently had negative axis 1 values). The R ıo Espiritu Santo estuary fish assemblage was the most distinct from the R ıo Grande de Arecibo assemblage (greatest positive values on axis 1). The R ıo Mameyes estuary appeared to have an assemblage structure with intermediate similarity (samples near zero but more frequently on the positive side of axis 1) between those of the R ıo Espiritu Santo and R ıo Sabana estuaries. The NMDS analysis did not reveal any apparent pattern in assemblage structure related to the season in which sampling occurred. In the R ıo Grande de Arecibo estuary, there were apparent differences in the assemblage composition of the mouth station (samples grouped near zero on NMDS axis 1) relative to the composition of the other two stations (on both extremes of axis 2). The pairwise correlations for species compositions between estuaries were mostly nonsignificant (Spearman's rank correlation; Table 4 ). Only the R ıo Mameyes and R ıo Sabana estuaries had significantly and positively correlated fish assemblages (Table 4) , which corresponded with the NMDS plot, where the fish assemblages of the FIGURE 2. Total fish species richness from gill-net samples at three stations within four riverine estuaries in Puerto Rico (R ıo Grande de Arecibo, R ıo Espiritu Santo, R ıo Mameyes, and R ıo Sabana).
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two estuaries were generally adjacent on axis 1 and fell within a similar range of values on axis 2 (Figure 3 ). Eleven species' abundances were significantly correlated to the gradients of species assemblage composition represented by the NMDS space (P < 0.05; Figure 3 ). Assemblage samples on the right of NMDS axis 1 (i.e., R ıo Espiritu Santo estuary) were correlated with greater abundances of Atlantic Thread Herring and Zabaleta Anchovy, while assemblages that fell to the far left on axis 1 (the R ıo Grande de Arecibo estuary and, to a lesser degree, the R ıo Sabana estuary) were associated with greater abundances of species such as the Common Snook, Ladyfish, Tarpon, and Swordspine Snook. The Common Snook, Ladyfish, and Tarpon were especially abundant at the R ıo Grande de Arecibo mouth station. Some samples from the R ıo Grande de Arecibo and the R ıo Sabana occurred in NMDS spaces that were correlated with the abundance of either the Amazon Sailfin Catfish or the Burro Grunt. Several samples from the R ıo Mameyes estuary and one from the R ıo Espiritu Santo estuary grouped in the lower-right quadrant of the NMDS plot, a region of the space correlated with increasing abundances of the Ground Croaker, Smallscale Fat Snook, and Barbu.
DISCUSSION
As the only multi-river assessment of Puerto Rico's estuarine fish assemblages, our study provides the first and best available information on inter-estuary differences in fish assemblages and distribution of fisheries resources. The R ıo Espiritu Santo and R ıo Grande de Arecibo fish 196 assemblages were the most distinct from each other, whereas the fish assemblages of the R ıo Sabana and R ıo Mameyes estuaries were most similar. Our results indicate that the estuarine fish assemblage of the R ıo Espiritu Santo is particularly species-rich. The unusually high species richness of this estuary is likely related to morphology and physical processes, which make this fish assemblage atypical for Puerto Rico. The R ıo Espiritu Santo is unique among rivers on the northeastern coast of Puerto Rico because a sand bar or berm that may limit or completely block river-ocean connectivity never forms at the mouth (Smith et al. 2008) . Additionally, the inland intrusion of its salt wedge has been augmented by extensive dredging for sand mining and boat access. Both of these features enhance access for marine migrant fishes and explain the occurrences of species such as the Great Barracuda and Atlantic Spadefish, which are not commonly found in other riverine estuaries of Puerto Rico. Most of the R ıo Espiritu Santo assemblage samples were typified by high abundances of low-trophic-level species (i.e., Atlantic Thread Herring and Zabaleta Anchovy). Therefore, although this estuary is particularly speciesrich, it may not yield high production of estuarine fisheries resources or support many resident upper-trophiclevel species. Fish assemblages sampled at the R ıo Grande de Arecibo estuary were generally correlated with greater abundances of sport fishes, including the Common Snook, Swordspine Snook, Ladyfish, and Tarpon. This result, along with our personal observations of the popularity of fishing in this estuary, indicates that the R ıo Grande de Arecibo is particularly valuable with respect to its fishery resources. The large watershed size and related high freshwater discharge of the R ıo Grande de Arecibo offer one potential explanation for the apparently greater sport fish abundances in this estuary than in the others that we sampled. A study by Aliaume et al. (2000) demonstrated the benefit of high freshwater discharge to Common Snook in Puerto Rico estuaries; they observed greater growth rates in juveniles that recruited during the rainy season (i.e., a period of greater freshwater discharge) than in those recruiting during the dry season. This study is also the first to provide information on typical fish richness and common species across Puerto Rico's riverine estuaries because our fixed sampling design made spatial coverage of the sampled estuaries feasible and allowed us to select systems that varied widely in basin size and island location. Therefore, we suggest that the range of fish species richness values that we observed (18-29 species) is close to a typical range for Puerto Rico riverine estuaries, and the species that we found to be especially common probably occur in most systems on the island. However, the lack of randomization in our sampling design limits our ability to strongly conclude that our results are highly representative of the estuarine fish assemblage of Puerto Rico. We found no published results from riverine estuaries on other Caribbean islands, so we cannot compare interisland variability, which may depend on local migratory and resident marine fish assemblages.
One finding of our study that may be of interest to fisheries managers and stakeholders is that valuable recreational fishery resources are broadly distributed among Puerto Rico riverine estuaries. Over half of the species that we sampled (22 of 41) in these estuaries were of recreational fishing value. Tarpon Snook, Common Snook, and Tarpon-three species that are highly prized as sport fishes-were among the eight species that occurred in all of the estuaries sampled (Table 2 ). Other sampled fishes that contribute to recreational fisheries include tilapia (Cichlidae), grunt (Haemulidae), and jack (Carangidae) species. Although fishing pressure at some locations, such as the R ıo Grande de Arecibo estuary mouth, is already substantial, the potential value of recreational fishing in Puerto Rico's riverine estuaries may be greater than realized because relatively few boat ramps, bait and tackle shops, and fishing guides are available to service these fisheries (our personal observations). Facilitating angling ecotourism is a potential means for Puerto Rico to capitalize on the ecosystem services yielded by its estuaries, but research, education, monitoring, and careful management are required to ensure sustainable practices (Zwirn et al. 2005) . The estuarine recreational fishery resource is currently threatened by illegal commercial fishing. Puerto Rico law prohibits commercial fishing and the deployment of commercial gears, such as gill nets, in inland waters; however, violations are commonplace, and effective enforcement is difficult to achieve.
In contrast to the observed inter-estuary variability in fish assemblages, we observed little variation in assemblage composition among locations within estuaries. However, there was a distinguishable pattern in species richness from upstream to downstream in the R ıo Grande de Arecibo. In that system, gill-net sampling yielded an observed richness (16) at the estuary mouth that was more than double the richness found at upstream locations in the same system and was greater than the richness of any single station location among the three other systems. The mouth of the R ıo Grande de Arecibo is also especially valuable for sport fish resources because key species (i.e., Common Snook, Ladyfish, and Tarpon) were particularly abundant at this location. Perhaps we only observed these patterns at the R ıo Grande de Arecibo because of its relatively large size compared to the R ıo Sabana and R ıo Mameyes estuaries and its relatively high longitudinal habitat heterogeneity compared to the R ıo Espiritu Santo estuary.
Our findings generate hypotheses on the drivers of variability in estuarine fish assemblage structure that may be tested in future studies. Our observation that overall fish assemblage structure did not vary with seasonality-and only varied slightly with location within the estuarycould be due to high spatiotemporal variability in the physical environment and our sampling design. Salinity is a well-known, major environmental driver of estuarine fish assemblage structure (Barletta et al. 2005) , and in most estuaries (including those we studied), salinity is driven by freshwater flows, which are naturally highly variable over short time scales in Puerto Rico (Morris and Hu 1995; Ram ırez et al. 2012) . High variability in salinity in Puerto Rico's estuaries may have precluded any detectable spatial or seasonal patterns in the overall fish assemblage structure given our sampling design. Future studies that attempt to elucidate spatial or temporal patterns of fish assemblage structure in Caribbean riverine estuaries may consider that these patterns vary over brief time scales, and a more temporally intensive sampling regime may be required to detect any spatiotemporal patterns.
Our study is the first to provide a point of comparison for the only prior description of a riverine estuary fish assemblage in Puerto Rico: an article by Smith et al. (2008) , which described the results of a temporally extensive (i.e., during all 12 months of the year) historical sampling of the R ıo Espiritu Santo estuary in 1977 and a contemporary sampling in June-July 2004. However, this can only be considered a coarse comparison given the differences in the methods utilized in the two studies. Our study methods were similar to those of Smith et al. (2008) in that they used gill nets as their primary gear and they sampled at eight stations in the R ıo Espiritu Santo estuary, 198 three of which corresponded to the locations that we sampled. Our study methods varied from those used by Smith et al. (2008) in that most of their gill-net samples were 1.5-h sets during daylight hours (although additional, crepuscular sampling was conducted during their 2004 effort), whereas our gill-net sampling involved overnight sets. The construction of the gill nets also varied between the two studies, and Smith et al. (2008) took supplementary samples with small dip nets, whereas we used a seine. Despite these differences in sampling methods, it is still informative and interesting to compare the species richness results of the two studies. Our observed species richness in the R ıo Espiritu Santo estuary (29 species) was similar to the observed species richness (24) in the 2004 sampling of this estuary but was much lower than the 60 species that were observed during year-long sampling in 1977. Lower observed richness in our study relative to the 1977 effort is partially explained by differences in sampling effort and methods and the occurrence of many transient marine species in the 1977 samples. For example, 42% of the species captured in 1977 were classified as transient species because they were only captured in one or two nonconsecutive months of the year, and we only sampled the R ıo Espiritu Santo estuary during 3 months of 2014 and 2015. However, the similarly lower observed fish species richness in our study and the 2004 sampling by Smith et al. (2008) may reflect a true decline in fish richness and abundance in the R ıo Espiritu Santo estuary during the period between 1977 and 2004, possibly due to anthropogenic alteration of the ecosystem. Indeed, Smith et al. (2008) discussed the likelihood that altered freshwater inflow to the R ıo Espiritu Santo estuary has affected its fish assemblage, which is probable given that 82% of this river's daily median flow is withdrawn at upstream water intakes (Crook et al. 2007 ).
Introduced and potentially invasive armored suckermouth catfishes (Loricariidae) and tilapias appear to be widespread in Puerto Rico's riverine estuaries and represent a possible threat to native fisheries resources. Armored suckermouth catfishes were detected in three of the four systems that we sampled and at multiple locations in the R ıo Grande de Arecibo and R ıo Mameyes estuaries. Fishes in this family are known to become invasive in other ecological contexts and thus are a major concern (Bunkley-Williams et al. 1994; Nico et al. 2009; Capps et al. 2011) , especially for the valuable R ıo Grande de Arecibo estuary, where Amazon Sailfin Catfish were detected at all stations and where its abundance was particularly high in some samples (Figure 3 ). Tilapia were also detected in three of the four study systems and, like Amazon Sailfin Catfish, the Mozambique Tilapia was sampled at the R ıo Grande de Arecibo mouth. The fact that potentially invasive freshwater fishes were detected at multiple locations in multiple estuaries implies that they are an emerging and expanding threat to estuarine ecology and fishery resources in Puerto Rico. Increased drought frequency and intensity, as predicted by downscaled global climate change models, could augment the invasive species threat because fish species invasions in Puerto Rico have been shown to be facilitated by extreme drought (Ram ırez et al. 2018; Collazo et al., in press) .
Our findings are the first to broadly describe riverine estuary fish assemblages in Puerto Rico, which makes this study a major contribution to the knowledge of estuarine fish ecology and fishery resources in the Caribbean region. Our principal sampling method of using overnight gill-net sets was an efficient and feasible means to sample riverine estuary fish assemblages in the Caribbean, and we recommend that future studies utilize this method for the purposes of standardization and to facilitate comparisons with our study. We found that estuarine fish assemblages varied consistently among but not within estuarine systems, and we could not detect any widespread trend in fish assemblage structure related to seasonality or location within estuaries. The R ıo Grande de Arecibo estuary is particularly rich in fisheries resources but may be threatened by invasive species; freshwater discharge through this estuary could be related to its quality as fish habitat, which adds to growing evidence that ensuring adequate instream flows should be a priority for lotic ecosystem management in the Caribbean. Finally, our results serve as an important point of comparison for future assessment and research on estuarine fish assemblages and fisheries resources in Puerto Rico and other Caribbean islands.
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